INTRODUCTION
GLUT5 is a facilitative hexose transporter which is present in adult and fetal human small intestine, but not in the colon [1] [2] [3] . It is expressed in Caco-2 cells [2, 4] , a human colon cancer cell line that exhibits, after confluency, the morphology and functional characteristics of intestinal absorbing cells (reviewed in [5, 6] ). In i o, a decrease in glucose intake does not alter GLUT5 mRNA and protein abundance [7] , whereas in Caco-2 cells, a system in which sugar supplies can be fully controlled, glucose and fructose are essential activators of GLUT5 expression [8] .
Thyroid hormone is a multipotent hormone that exerts effects on development, cell growth and metabolism in i o (for a review, see [9] ). It stimulates glucose transporter expression in liver [10] and muscle [11] , as well as in the Clone 9 [12] and ARL 15 [13] hepatoma cell lines and in rat Sertoli cells [14] . Thyroidhormone-dependent stimulation of target genes requires the interaction of thyroid hormone receptors (TRs) with specific nucleotide sequences called thyroid-hormone-responsive elements (TREs). Consensus TREs consist of two or more hexanucleotide half-sites [RGG(T\A)CA] that can be organized as direct, inverted or everted repeats. TRs belong to the liganddependent, DNA-interacting protein superfamily that includes receptors for steroid hormones, vitamin D $ , retinoids and farnesoids, as well as many other receptors with unknown or no ligand (orphan receptors). Two TR genes, TRα and TRβ, have been identified on human chromosomes 17 and 3 respectively, and different isoforms (α1, β1, β2) are generated by alternative Abbreviations used : T 3 , 3,3h,5-L-tri-iodothyronine ; TRE, thyroid-hormone-responsive element ; RXR, retinoid X receptor ; TR, thyroid hormone receptor ; TK, thymidine kinase ; SIFR, sucrase-isomaltase factor, repressor. 1 To whom correspondence should be addressed (e-mail laroche!infobiogen.fr).
transcription of the luciferase reporter gene is stimulated by T $ . This 70 bp fragment from position k338 to k272 of the GLUT5 gene is able to confer T $ \glucose-responsiveness to the heterologous thymidine kinase promoter. Electrophoretic-mobility-shift assays demonstrate that thyroid hormone receptors α and β are expressed in Caco-2\TC7 cells. They further show that the k308\k290 region of the GLUT5 promoter binds thyroid hormone receptor\retinoid X receptor heterodimers, and that glucose and\or T $ exert a deleterious effect on the binding of the nuclear protein complex.
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splicing. TRs bind to TREs as homo-or hetero-dimers with retinoid X receptors (RXRs) or vitamin D $ receptors (for a review, see [15, 16] ). Unliganded TRs, however, can repress transcription in association with co-repressors [17, 18] . Upon binding of 3,3h,5--tri-iodothyronine (T $ ), TRs can promote target gene expression, and it is proposed that T $ binding modifies the conformation of the TR, which results in the rearrangment of an activating complex with co-activators [19] .
In the present study we have used Caco-2\TC7 and Caco-2\PD7 cells, two clones that express significant levels of GLUT5 [4] . In these cells, T $ stimulates the expression of intestinal genes involved in Na + \glucose co-transport, i.e. it increases the abundance of SGLT1 (Na + \glucose co-transporter 1) and Na + \K + -ATPase mRNAs [20, 21] . It also increases the glucose consumption rate and the expression of phosphoenolpyruvate carboxykinase mRNA [21] in the cells. We investigated the effects of glucose and T $ on the expression of GLUT5 at the levels of mRNA abundance, promoter activity and TR binding to DNA. Our results indicate a co-regulation of GLUT5 gene expression by T $ and glucose that occurs through a TRE.
EXPERIMENTAL

Cell culture
This paper will describe results obtained with Caco-2\TC7 cells ; identical results were obtained in parallel with Caco-2\PD7 cells. The cells were cultured and maintained as described Figure 1 Oligomers used in the present study previously [22] in Dulbecco's modified Eagle's medium (Eurobio, Paris, France) containing 25 mM glucose, 1 % non-essential amino acids (Gibco, Glasgow, Scotland, U.K.), 100 units\ml penicillin, 100 µg\ml streptomycin and 20 % (v\v) heatinactivated (30 min ; 56 mC) fetal bovine serum (Boehringer, Mannheim, Germany) (G#& ,N medium). Glucose-free (G! ,d ) and glucose-supplemented (G#& ,d ) media were also prepared containing 20 % (v\v) heat-inactivated serum that was dialysed against saline (molecular mass cut-off 6000-8000 Da). These culture conditions were applied as described previously [8] , after the differentiation process that depends on serum factors is fully established for at least 5 days. All cells were harvested 24 h after a medium change. T $ (Sigma, St. Louis, MO, U.S.A.) was added as a 1 mM stock solution in 0.1 M NaOH. Addition of up to 1 µM T $ did not affect cell viability or growth parameters [21] .
cDNA probes and Northern blot analysis
The cDNA probes used in this study were : GLUT5 (phJHT5), obtained from G. I. Bell (Howard Hughes Medical Institute, University of Chicago, Chicago, IL, U.S.A.) ; villin V19 [23] , from D. Louvard (Institut Pasteur, Paris, France) ; and SI2 [24] . The luciferase probe was the EcoRI-KpnI fragment from PTZLuc [25] . Total RNA was isolated using guanidium isothiocyanate and centrifugation through a CsCl gradient [26] . Glyoxaldenatured samples of total RNA were Northern-blotted as described previously [27] . Hybridizations of $#P-labelled probes to membranes, washing procedures and exposure of X-ray films were carried out as described in [8] .
Expression of human GLUT5-reporter-gene constructs in Caco-2 cells
The 2.5 kb EcoRI-MluI fragment from pGT5\pGL2 (k2500\ j41) containing the promoter region of GLUT5 was used [27] to generate 5h deletion constructs using the HinfI (k385), SfanI (k338) and P uII (k272) restriction sites. The GLUT5-promoter-luciferase unit was further inserted into the multicloning site of the episomal p205-GTI plasmid, which contains a hygromycin-resistance gene for the selection of transformed cells [28] . In some constructs the thymidine kinase (TK) promoter was inserted downstream of the k385\k272 and k338\k272 fragments of the GLUT5 promoter. Plasmid DNAs were purified twice on CsCl\ethidium bromide density gradients [29] . Dividing Caco-2\TC7 cells (seeded at 12i10$ cells\cm# in 78 cm# Petri dishes ; Corning Glasswork Co.) were transfected with 15 µg of plasmid DNA, using the calcium phosphate precipitation procedure as described in [27] . Cells were allowed to reach confluence and then selected twice with hygromycin (500 µg\ml final concentration). As hygromycin affects metabolism [30] , transformed cells were grown without hygromycin for one passage, even though it did not affect GLUT5 mRNA abundance (results not shown).
Luciferase assays
Cell layers were rinsed with cold Ca# + \Mg# + -free PBS and lysed in 25 mM Tris\phosphate buffer, pH 7.8, containing 15 % (v\v) glycerol, 8 mM MgCl # , 1 mM EDTA, 1 % Triton X-100, 1 mM dithiothreitol and 0.4 mM PMSF. The extracts were prepared at day 16 of culture. Luciferase activities were assayed using 20 µl of the 13 000 g supernatant with the Luciferase Assay System (Promega) and a Lumat LB9501 luminometer (Berthold). The protein content of the samples was quantified with the BCA protein assay reagent (Pierce, Rockford, IL, U.S.A.). The plasmid luciferase and genomic sucrase-isomaltase DNAs were assayed as described in [31] . Luciferase activities are expressed as relative light units\s per mg of protein, and were corrected for the number of copies of the plasmid in the cells.
Gel mobility-shift assays
Nuclear proteins were extracted from between 1i10) and 1i10* Caco-2\TC7 cells at day 16, as described in [32] . Two overlapping oligonucleotides, corresponding to the k338\k299 and k310\ k272 sequences of the GLUT5 promoter (Figure 1 ), as well as the overlapping k308\k290 sequence, were synthesized (Eurobio, Les Ulis, France). The SIFR (' sucrase-isomaltase factor, repressor ') E4BP4 binding sequence from the sucrase-isomaltase gene was used as an unrelated competitor ( [33] ; see Figure 1 ).
[$#P]dCTP-end-labelled probes (0.2 ng) were challenged with 2 µg of nuclear protein extract from control or T $ -treated Caco-2 cells in the presence of 1 µg of poly(dI-dC) and binding buffer containing 1.5 mM Hepes, pH 7.9, 0.1 mM EGTA, 0.1 mM EDTA, 40 mM KCl, 0.5 mM dithiothreitol and 5 % (v\v) glycerol. Increasing amounts of nuclear proteins (1, 2 and 3 µg) in the assay increased the abundance of the shifted band, without modifying its profile (results not shown). Supershifts were carried out using : (1) a TRα-specific antibody directed against the Nterminal sequence of the A\B domain of the receptor (kindly donated by O. Chassande and J. Samarut, ENS, Lyon, France) ; (2) an anti-TRβ1 antibody (J52 ; Santa Cruz Biotechnology) that does not cross-react with TRα ; (3) an anti-RXR antibody (4RX-1D12 ; provided by P. Chambon and C. Rochette-Egly, IGBMC, Strasbourg, France) ; and (4) two IgG2bs directed against peptides comprising residues 371-380 and 16-25 respectively of p53 [34] (kindly given by T. Soussi, Institut Curie, Paris, France). Unrelated antibodies were used as controls : a polyclonal antibody to the C-terminus of GLUT5 (1169\3-G5) and a monoclonal ascitic anti-Lewis A antibody (7LE ; from R. Oriol, INSERM U178, Villejuif, France).
RESULTS
T 3 increases GLUT5 mRNA abundance in Caco-2/TC7 cells
Caco-2\TC7 cells were treated chronically with T $ during the growth and differentiation process of this enterocytic-like cell line, i.e. treatment was started at day 2 after seeding, and was 3,3h,5-L-Tri-iodothyronine regulates GLUT5 transcription 
T 3 increases transcription through a 67 bp fragment present in the GLUT5 gene promoter
To study the possible effect of T $ on GLUT5 gene transcription and to investigate the presence of a TRE in the GLUT5 promoter, different fragments of this region were placed upstream of the luciferase reporter gene. The basal transcriptional activities were similar, independent of the deletion end points, and T $ stimulated the expression of the reporter gene 4-5-fold in all constructs that contained the k338\k272 region of the promoter (Figure 3) . A 4-fold stimulation was also observed with T $ when the k385\ k272 or the k338\k272 fragment was inserted upstream of the TK promoter. The stimulation by T $ was only 2-fold with the TK promoter alone, the k272\j41 GLUT5 promoter or the promoterless luciferase construct (Figure 3 ). The k338\k272 GLUT5 promoter region thus contains T $ -responsive elements that can increase the response of the heterologous TK promoter to T $ . Transformed and parental cells exhibited identical T $ -dependent increases in GLUT5 mRNA abundance (results not shown), indicating that transfection and cell selection with hygromycin did not alter the T $ transduction pathways.
Glucose is required for the response of GLUT5 to T 3
GLUT5 mRNA is virtually absent from glucose-deprived (G! fragments, revealed by measuring luciferase mRNA ( Figure 4B ) and activity ( Figure 4C ), were also glucose-dependent up to a concentration of 5 mM. T $ increased the mRNA levels transcribed from the endogenous GLUT5 gene (Figure 4A ), as well as from the luciferase gene ( Figure 4B ) driven by the k338\j41 fragment. The latter observation is consistent with the luciferase activity data ( Figure 4C ). The T $ stimulation, however, is lost in the absence of the k338\k272 element. A parallel study using the TK promoter construct containing the k338\k272 fragment of the GLUT5 gene yielded the same glucose-and T $ -dependence (results not shown). The luciferase activity of the TK promoter construct alone was insensitive to both glucose and T $ in cells cultured with dialysed serum (results not shown), suggesting that some factor that is stimulatory to the TK promoter and is present in normal serum has been lost.
Protein binding to the k338/k272 promoter region of GLUT5 depends on glucose and T 3 cell culture conditions
The 67 bp region (k338\k272) that is involved in the glucose\ T $ -dependent transcriptional response was split into two overlapping oligomers (Figure 1 ). Both the k338\k299 and k310\
Figure 4 Glucose and T 3 are required for efficient transcriptional activity of the GLUT5 promoter
Cells were transformed with the k338/j41 ( , ) or the k272/j41 ($, #) region of the GLUT5 promoter. Controls (#, ) and chronically T 3 -treated (, $) cells were taken at day 16 after a 6-day culture in the appropriate glucose-supplemented culture media (G 0 − 25,d ) before measurement of luciferase activities (C). Total RNA was extracted from the k338/j41-transformed cells. Northern blots were prepared with 15 µg of total RNA and hybridized with the GLUT5 (A) and luciferase (LUC) (B) cDNA probes, as described in the Experimental section. X-ray films were exposed for 9 h and 72 h for GLUT5 and luciferase respectively. Luciferase activity and mRNA abundance were both saturated at a concentration of 5 mM glucose.
k272 probes formed DNA complexes with Caco-2 cell nuclear protein extracts ( Figure 5) . Surprisingly, the amounts of complexes were reduced in T $ -treated cells (compare lanes 1 and 2, and lanes 10 and 11, in Figure 5 ). The complexes completely disappeared upon the addition of a 100-fold molar excess of the homologous oligonucleotides ( Figure 5 , lanes 3\4 and 12\13), but not of the unrelated SIFR element ( Figure 5 , lanes 5\6 and 16\17). DNA-protein interactions involving the distal k338\ k299 probe were fully displaced by the unlabelled proximal k310\k272 oligonucleotide ( Figure 5, lanes 8 and 9) . A reciprocal competitive effect, however, was not observed, as an excess of k338\k299 oligonucleotide did not affect protein binding on the k310\k272 probe ( Figure 5, lanes 14 and 15) . This suggests the existence of a high-affinity binding site in the k310\k272 fragment and of a weaker site in the k338\k299 fragment. Alternatively, the complex may bind preferentially to the sequence common to both fragments. Electromobility-shift assays using an oligonucleotide (k308\ k290) that overlapped each of the other two were therefore performed. Figure 6 (upper panel) shows that the profiles obtained with the three probes were very similar, and depended on the culture conditions of the cells. With G! ,d cell extracts ( Figure 6, lane 0,d) , the probe was almost completely shifted and formed a single band, the intensity of which was not altered by T $ treatment of the cells. With extracts from glucose-fed cells ( Figure 6, lanes 25,d) , a less abundant and T $ -sensitive complex was formed with the three probes (k338\k299, k308\k290 and k310\k272). A comparable decrease in the bandshift was produced by the addition of 100 nM T $ during the incubation of control nuclear extracts with the probe (results not shown). The bandshift was dramatically decreased when cells were grown in a medium containing normal serum and 25 mM glucose ( Figure   Figure 5 Interactions between Caco-2 nuclear protein and GLUT5 promoter DNA are modulated by T 3 Nuclear extracts were prepared using G 25,d cells at day 16 of culture, as described in the Experimental section. T 3 treatment was applied throughout the culture. Electromobility-shift assays of the k338/k299 and k310/k272 oligonucleotide probes were carried out with 2 µg of nuclear extract from control [NE/T 3 (k)] or T 3 -treated [NE/T 3 (j)] cells. The endlabelled probes were pre-incubated with a 100-fold molar excess of the k338/k299 or k310/k272 oligonucleotide or the SIFR element, an unrelated oligonucleotide from the promoter of the sucrase-isomaltase gene. ' Free probe ' represents an incubation lacking nuclear extracts.
6, lanes 25,N). Altogether, these results indicate that the fragment containing nucleotides k308 to k290 includes the necessary sequence for protein binding to the DNA, and further suggest that the formation of the complex depends on the presence of glucose and\or T $ . The specificity of this binding was assessed by true competition experiments ( Figure 6 , lower panel) performed using the k310\ k272 sequence as a probe and with increasing concentrations of either the unrelated SIFR or the oligonucleotide k308\k290 20-mer element of the GLUT5 promoter. As expected, SIFR was inert, and the wild-type k308\k290 GLUT5 fragment competed fully for the probe. When compared with the effect of the wildtype element, a 9-fold higher amount of a k308\k290M mutated element (Figure 1 ) was required to obtain half-inhibition of the binding of the probe.
TR and RXR bind to the k308/k290 sequence of the GLUT5 promoter
In order to identify the protein partners in the complexes, we carried out supershift assays using antibodies directed against polypeptides that are known to bind TREs, i.e. TRα, TRβ1 and RXR, and with anti-p53 antibodies [15, 16, 35] . Antibodies to p53 did not supershift the complexes formed with the k308\k290 fragment or the TRE consensus DR4 probe (see Figure 1) , indicating the absence of p53 from the complexes (results not shown). Two bands were formed with the DR4 probe and nuclear extracts from G#& ,d cells (Figure 7, lanes 9-12 and 21-24) . The anti-TRα antibody supershifted the slowest-migrating band of DR4 complexes (Figure 7, lanes 10 and 12) . T $ treatment of the cells did not alter the profile of the bandshift obtained with DR4 (Figure 7, compares lane 9 and 10 with lanes 11 and 12) . 3,3h,5-L-Tri-iodothyronine regulates GLUT5 transcription
Figure 6 Restriction of the effects of glucose and T 3 on nuclear protein interactions to the k308/k290 element of the GLUT5 promoter
Upper panels : electromobility-shift assays were carried out with the k338/k299, k310/k272 and k308/k290 labelled oligonucleotides. Nuclear protein extracts (NE) were prepared from cells cultured in the presence (j) or absence (k) of 1 µM T 3 in standard medium (25,N) or in medium containing dialysed serum in the absence (0,d) or presence (25,d) of glucose. Lower panels : true competition (probe and competitor added together to the incubation mixture) of the binding of the 32 P-labelled k310/k272 probe (10 nM) was challenged with increasing concentrations (0.2-100-fold molar excess) of the unlabelled k310/k272 element, SIFR, the wild-type k308/k290 oligonucleotide or k308/k290 oligonucleotide that was mutated on the TRE element (k308/k290M). Nuclear extracts were from G 25,d cells.
TRα could also supershift the k308\k290 probe ( Figure 7 , lanes 2, 6 and 8). Two striking differences, however, were apparent in the gel shifts obtained with this probe as compared with DR4. First, a single band was obtained with control nuclear extracts from G#& ,d cells ( Figure 7, lanes 1-8, 13-20 and 25-30 ). Secondly, a supershift with anti-TRα antibodies was hardly detectable when T $ was present (compare lanes 2 and 4 in Figure 7 ). Glucose starvation of the cells greatly increased the amount of bound nuclear protein, but did not change the relative abundance of TRα in the complex (Figure 7 , compare lanes 5 and 6 with lanes 7 and 8).
TRβ could also bind the k308\k290 probe ( Figure 7 , lane 27). However, neither TRα nor TRβ, nor a combimation of the two (lane 28), could totally supershift the complexes formed with nuclear protein from glucose-fed cells. The comparison of TRα with TRβ supershifts further suggests that TRα\RXR heterodimers are favoured over TRβ\RXR heterodimers for binding to the k308\k290 GLUT5 probe.
RXR was also a constituent of the complexes, and was present within the faster-migrating band formed with the DR4 probe in the absence (Figure 7, lanes 21 and 22) or in the presence (lanes 23 and 24) of T $ treatment. In all instances, i.e. the absence or presence of glucose in the cell cultures and\or T $ treatment, the anti-RXR antibody fully supershifted the k308\k290 probe ( Figure 7 , lanes [13] [14] [15] [16] [17] [18] [19] [20] , indicating that all of the complexes contained RXR-associated heterodimers.
DISCUSSION
In i o, dietary fructose controls the expression of the GLUT5 gene in intestinal and kidney absorbing cells, and glucose feeding is unable to up-regulate the expression of the gene [7, [36] [37] [38] . However, in i o, cells are also continuously nourished by blood glucose, and we suggest that this supply accounts for the basal expression of GLUT5. In the enterocytic Caco-2\TC7 cell model, monosaccharides appear to be essential for the basal expression of GLUT5, and we have shown previously that GLUT5 is not expressed in glucose-starved cells [8] . Therefore glucose may play a role in the regulation of the expression of GLUT5 in i o, and our results favour such a hypothesis. In streptozotocin-induced diabetes, the expression of GLUT5 is increased in intestinal cells [39, 40] . However, hyperglycaemia is probably not the sole mediator of this effect, as other plasma parameters are perturbed. We report here that T $ increases GLUT5 mRNA abundance 4-5-fold compared with that in control cells, in a glucosedependent manner. This T $ \glucose effect involves a transcriptional level of regulation, and the sequence located within the proximal k338 bp upstream from the transcription start site was sufficient for the T $ -induced response. Interestingly, the response of the GLUT5 promoter in Caco-2 cells is saturated at 5 mM glucose, a concentration that matches interprandial bloodglucose levels in healthy animals. Within this region, a 67 bp fragment (k338\k272) confers positive T $ \glucose-responsiveness to both the GLUT5 promoter and the heterologous TK promoter. Gel-shift studies showed that the k338\k299 and k310\k272 regions, and subsequently the smaller k308\k290 region, bind nuclear proteins, and that the glucose nutritional status of the cells interferes with binding. Indeed, more complexes are formed with nuclear protein extracts from glucose-deprived than from glucose-fed cells. T $ has no effect on the binding of nuclear proteins from glucose-deprived cells. In contrast, it greatly decreases DNA-protein interactions obtained using glucose-fed cells. Nuclear protein binding is thus inversely correlated with the transcriptional activities of GLUT5 promoter constructs. This decrease was not associated, under our experimental conditions, with the organization of new protein complexes on the k308\k290 fragment or on the larger k338\k299 and k310\k272 regions. The 67 bp region probably contains DNA-interacting elements that are involved in inhibition of the transcriptionnal machinery and which act in concert with, as yet unidentified, putative activators.
Among the genes involved in lipid metabolism that are regulated both by glucose and T $ , Spot14 has been extensively studied (for a review, see [41] ). A far upstream region (FUR) containing a cluster of TREs (Fur10, Fur11 and Fur12) has been shown to be involved in the response of the gene to T $ \glucose [42] . An analysis of the k338\k272 region of the GLUT5 gene reveals the presence of four TRE half-sites. They are organized either as an IR4 inverted repeat (AGGTCTCTAGTGGCCC) located at k330\k315, or as a DR4 direct repeat (AGGTAA TCTGAGGGCA) at positions k292\k307 (Figure 1 ). The latter TRE\DR4 motif closely matches the Fur10 motif present in the S14 gene (AGGGCAGCTGAGGTTA) [42] . In cells overexpressing the TR receptor, the Fur10 motif binds both TRs and RXRs, and confers T $ -responsiveness to the heterologous TK promoter.
Our results show that the complexes formed with the k308\k290 region of the promoter included TRα\RXR and TRβ\RXR heterodimers, although the latter complexes were less abundant. These receptors are spontaneously expressed in Caco-2\TC7 cells ; they bind the GLUT5 promoter and were present whatever the glucose and\or T $ -treatment culture protocol used to produce the nuclear protein extracts. Anti-RXR antibodies completely supershifted the complexes. In contrast, anti-TR antibodies only partially affected the bandshift in glucose-fed cells, indicating that other proteins are probably associated with RXRs. Interestingly, TRα was able to supershift more complex formed with protein extracts from glucose-starved than from glucose-fed cells. As far as we know, the regulation of the GLUT5 promoter by T $ differs from that described for other T $ target genes identified. Classically, in the absence of T $ , TR\RXR heterodimers bind TREs and can repress promoter activity (reviewed in [15, 16] ). TRα\RXR heterodimers bind DNA in association with auxiliary co-repressors or co-activators of the so-called thyroid receptor auxiliary protein (TRAP) family. Upon T $ loading, co-repressors are released, to the benefit of activator binding (see [17] [18] [19] , and references therein). Our results with the GLUT5 promoter region do not fit this model, since T $ loading in i o or in itro dissociates the protein complex from the TRE. The mechanism by which T $ activates the GLUT5 promoter also differs in that glucose-feeding of Caco-2\TC7 cells interferes dramatically with the binding of the TR\RXR dimers to the probes. The metabolism of glucose is necessary for the activation of the GLUT5 promoter (results not shown). Conversely, there is no need for a T $ metabolic effect in order to obtain this decrease in TR\RXR binding. Indeed, the hormone can be added either directly to the culture medium of the cells or to the nuclear extracts.
The gene encoding GLUT5 is thus a T $ -and glucose-responsive gene. We have shown that the k308\k290 motif in the GLUT5 promoter constitutes a new glucose\T $ -specific responsive element. More studies are needed in order to identify the other partners of the TR\RXR heterodimer, and to determine how the metabolism of glucose influences transcription. Whether or not the same promoter element(s) are involved in the regulation of transcription of the GLUT5 gene by fructose and glucose is currently under investigation.
